Magnesium metal is a cost effective, readily available metal, especially in comparison to lithium, and is reduced at relatively negative potentials, -2.37 V (vs. SHE), which makes it highly attractive as an anodic material for rechargeable batteries in energy storage applications. Nevertheless, there are number of challenges that need to be overcome in order to produce a reversible magnesium device. One main issue is the formation of passivating layers at the anode-electrolyte interface, in the presence of air, water, and some organic electrolytes, which inhibits the electrochemical re-oxidation of magnesium. Some of the electrolytes used to reduce the formation of such passivating layers and thus produce reversible cycling of magnesium have been based on ethereal solvents such as tetrahydrofuran (THF Nonetheless, the goal of producing reversible magnesium electrochemistry in the presence of RTIL based electrolytes has remained immensely challenging. It appears that several factors such as the role of the magnesium salt and the choice of the cation and anion counterparts in the RTIL are of great significance in determining the outcome of the electrodeposition and stripping processes of magnesium ions. At present, when RTILs are the main solvent, magnesium deposition is only possible when the IL is either mixed with an additive 5 or co-solvents 6 such as ethereal solvents, and/or organomagnesium halides such as those used in Grignard reagents. 7 Recently there has also been some controversy about the reproducibility and the exact nature of the reduced magnesium product from some RTILs. 6 (Fig. S2) ; this peak disappears after a few cycles. This suggests that a passivating layer is formed upon deposition in this case, as discussed later in this article.
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Please do not adjust margins 9 It is important to note that the deposition and stripping in these experiments is still observed around the Mg potential, i.e. that there is no obvious involvement of the Li from LiBH 4 in shifting the potential more negative.
To prove that the reduction process is solely due to Mg 2+ /Mg, the deposition of magnesium was conducted in 0.2 M Mg[BH 4 ] 2 /IL1 for 12 hours. X-ray diffraction (XRD) patterns of the electrode after deposition shows (Fig. 2a) the expected diffraction peaks of magnesium at 2θ = 31.97, 34.19, and 36.38° which are assigned to the (100), (002), (101) planes of magnesium (JCPDS 04-0770).
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Furthermore, EDX measurements of the deposits obtained from this electrolyte with and without the addition of LiBH 4 demonstrate that the only metal produced is Mg (Figs. S2a and S2b) . These results are concordant with those of Mohtadi et al. who also observed that Mg was the only redox-active species involved in electrochemical cycling in their DME based electrolyte. 9 To prove the nature and role of the co-ordination environment of Mg in these IL electrolytes, 12 Fourier
Transform Infrared (FT-IR) (Fig. 2b) (Fig. 3a) that the magnesium ion indeed forms a strongly bound hepta-coordinated complex that involves both anions and the cation ether oxygens, i. NBO analysis, as shown in Fig. 3a and Fig. S4 , indicates that the strength of these interactions produces stabilization energies that follow the expected order of orbital charge transfers: O lp,an →LV(Mg), σ(BH)→LV(Mg), and O lp,cat →LV(Mg), where 'LV' refers to a lone vacant orbital located on Mg 14 The cleavage of the anion in this case produces F - (Fig. 3b) Magnesium borohydride (Mg[BH 4 ] 2 , 95%) and lithium borohydride (LiBH 4 , 90%) were purchased from Sigma-Aldrich. The RTILs and salts were further dried under vacuum (38 ˚C, 48 h) and all samples were prepared under inert conditions prior to conducting any experiments. All electrochemical experiments were conducted in a three-electrode cell using magnesium ribbon and platinum as the counter and working electrodes, in each case. Both 10 mM silver ttriflate (AgOTf) dissolved in the RTIL and magnesium ribbon were used as reference electrodes. Full preparative and experimental details are provided in the SI.
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